Abstract Oncologists are now prescribing more oral chemotherapy than ever before, thus placing the onus for taking the right dose at the right time under the right circumstances directly on the patient. This study was undertaken to understand emerging adherence issues and to explore available adherence assessment tools. This two-part study (1) examined N0747, a randomized phase II trial that tested the oral agents, sunitinib and capecitabine, in patients with metastatic esophageal cancer from an adherence standpoint, and (2) conducted a systematic review to compile and assess adherence tools that can be used in future clinical trials. First, in N0747, patients were assigned to sunitinib and capecitabine versus capecitabine; 53 chemotherapy cycles were prescribed to this 12-patient cohort. Nearly all patients denoted that they "always or almost always" took their pills as prescribed, and two patients who reported lack of full adherence suffered from grade 3+ adverse events. Surprisingly, however, over 14 cycles, 9 patients reported grade 3+ toxicity but checked "always or almost always" to describe their adherence. No relationships were observed between adherence and cancer outcomes. Secondly, 21 articles identified the following adherence tools: (1) healthcare providers' interviews, (2) patient-reported adherence with diaries/calendars, (3) patient-completed adherence scales, (4) medication event monitoring, (5) automated voice response, (6) drug/metabolite assays, and (7) prescription databases. Of note, only the automated voice response seems capable of real-time detection of over-adherence, as observed in N0747. Oral chemotherapy adherence should be further studied, particularly from the standpoint of over-adherence.
2006 [1] . These two observations underscore the fact that oncologists are prescribing more oral chemotherapy today than ever before.
This long list of oral cancer drug options has created unique medication adherence concerns. With intravenous chemotherapy, healthcare providers take direct and exclusive responsibility for administering cancer drugs with accuracy. In contrast, oral chemotherapy puts the onus for taking the right dose at the right time under the right circumstances-by definition, "adherence" to medication instructions-directly on the patient. Patients' adherence to an oral regimen becomes especially relevant when one considers that many oral chemotherapy agents have a narrow therapeutic window; taking a few extra pills or missing some or taking pills at the wrong time can lead to untoward adverse events or unfavorable clinical outcomes.
Are cancer patients, particularly those with metastatic disease, taking their medications correctly, and how can healthcare providers know for sure? This two-part study was formulated in an attempt to explore this two-part question. It examined a prospectively-conducted cancer clinical trial that included two different oral chemotherapy agents, sunitinib and capecitabine, and focused on trial results from the vantage point of identifying adherence issues. This study also provided a systematic review of the published literature on oral cancer chemotherapy adherence tools, which were designed to assess adherence, with the goal of better understanding the strengths and limitations of each such tool.
Methods
Overview The first part of this study examined N0747, a North Central Cancer Treatment Group trial that was approved by each site's institutional review board and conducted in patients with metastatic esophageal cancer. This trial tested the oral agents, sunitinib and capecitabine, as first-line chemotherapy. The original primary endpoints and eligibility criteria are outlined on www.clinicaltrials.gov (NCT00891878) [2] . Because of poor accrual, this trial was halted prematurely, hence providing the platform for the current study on adherence.
The second part of this study consisted of a systematic review of the published literature and was undertaken with the goal of identifying and better understanding the strengths and limitations of oral chemotherapy assessment tools. This effort seemed timely, given this increase in oral chemotherapy prescribing patterns and given the concerns for overadherence, as identified in N0747.
N0747
The primary goal of the first part of this study was to explore whether patients' completion of a single-item patient-reported adherence tool was associated with any objective clinical parameters, such as adverse events or tumor response. Immediately after completion of each chemotherapy cycle, patients were asked to complete the adherence tool (Fig. 1) .
This randomized phase II trial examined single-agent capecitabine 1,000 mg/m 2 /dose orally twice per day for 2 weeks as part of a 21-day chemotherapy cycle versus capecitabine at this same dose plus sunitinib 37.5 mg orally once a day for 21 days as part of a 21-day cycle. The study provided sunitinib to patients. Dose adjustments were outlined in the protocol, based on type and severity of adverse events, and called for cutting back on the capecitabine dose to as low as 500 mg/m 2 /dose with some possibility of dose escalation to 1,250 mg/m 2 /dose, in the event a patient were to tolerate the drug extremely well. Similarly, sunitinib could be cut to as low as 12.5 mg orally per day for toxicity but with no possibility of a dose escalation. Crossover from capecitabine alone to the two-drug arm was allowed in the event of cancer progression.
Patients were monitored for cancer progression-free survival, the primary endpoint for the original trial, with every 6-week radiographic imaging, as per the RECIST criteria [3] . Patients were also monitored for adverse events, as per the common terminology criteria for adverse events, version 3. Chi-square tests were used to assess the relationship between categorical variables, and Kaplan-Meier methodology and the log rank test were used to analyze overall survival and progression-free survival. Relationships between these clinical outcomes and patients' responses to the single-item patient-reported adherence tool are presented descriptively.
Systematic Review For the second part of this study, a research librarian (AF) used the Ovid interface to search MEDLINE (from January 1946 through January 2013) and Embase (from January 1988 through January 2013). Medical subject headings and keywords were combined to yield greater relevance. Such keywords consisted of numerous descriptors for adherence (for example, compliance, persistence, over-adherence, and over-compliant), for oral chemotherapy (for example, tablet, capsule, and pill), for neoplasms (for example, tumor, malignancy, and carcinoma), and for self-reporting (for example, tool, assess, evaluation, measure, electronic monitoring, and questionnaire). The search was restricted to only articles relevant to adult patients. The full search strategy appears in Fig. 2 .
Prospectively-conducted interventional and quantitative studies were sought. Only those in English were reviewed. Based on abstract review, articles were preliminarily deemed eligible for inclusion if they appeared to meet the following criteria: (1) the article focused on solid tumor malignancies; (2) oral chemotherapy was prescribed; (3) the main focus of the article was adherence to oral chemotherapy; and (4) the article sought to acquire primary data as opposed to providing a topic review. Articles that focused on chemoprevention (as opposed to cancer treatment) or patients with hematologic malignancies (where the goals of therapy are sometimes more oriented toward cure) were excluded because it was thought that adherence issues under these circumstances or in these groups would be different from those in solid tumor cancer patients receiving oral chemotherapy. After this first-pass review of abstracts, all full articles were reviewed in detail to determine whether they truly met all the eligibility criteria described above, and further articles were retrieved and examined from references in the first set. Review of abstracts and full articles was undertaken by two investigators (KP and AJ) with differences in opinions adjudicated in a face-to-face discussion.
Please answer the question below about how often you took your study medication during the past cycle. Check only one box that reflects your response. 
Results

N0747 Demographics
This trial recruited 12 patients with an equal distribution of patient numbers and gender to each study arm. The median ages in the two-drug and one-drug arm were 73 and 75 years, respectively. No statistically significant difference in performance score was observed across arms at study entry; two patients in the two-drug arm had a performance score of 2, as did one in the one-drug arm. Two patients crossed over to the two-drug arm.
The Adherence Statement Response Item and Adverse Events All patients completed the single-item patientreported adherence tool over all 53 cycles of chemotherapy prior to the possibility of crossover, except for one who did not complete this item after his one and only cycle of chemotherapy (see below and Table 1 ).
Patients almost uniformly checked "always or almost always" after the chemotherapy cycle to describe their adherence to oral chemotherapy. Surprisingly, over the course of 14 cycles, 9 different patients reported grade 3 or worse toxicity but nonetheless checked "always or almost always" on the single-item patient-reported adherence tool.
Within the whole cohort, in only three instances, patients checked another adherence category. One patient on the onedrug arm checked, "usually," after 1 cycle. A second patient in the two-drug arm checked "rarely" after the first cycle and also suffered grade 3 anorexia, dehydration, gastritis, anastomotic leak, and muscle weakness during that first cycle. This patient had to hold the oral chemotherapy because of this toxicity. As alluded to above, a third patient in the two-drug arm did not complete the single-item patient-reported adherence tool at all after his first and only cycle and suffered grade 3 mucositis and grade 3 febrile neutropenia with grade 4 neutropenia during that cycle.
Clinical Outcomes The median cancer progression-free survival was 2.4 months (95 % confidence interval: 0.6 to 8.4) in the two-drug arm and 6.1 months (0.6 to 9.2) in the one-drug arm (p=0.43). The median overall survival was 5.9 months (95 % confidence interval: 0.9 to 29.8) in the two-drug arm and 6.2 months (1.5 to 18.8) in the one-drug arm. Although no statistical analyses were undertaken, no relationships seemed apparent between the above outcomes and responses to the single-item patient-reported adherence tool.
Systematic Review
In view of the increasing use of oral chemotherapy and the identification of this issue of overadherence in N0747, it seemed timely to undertake a systematic review of the published literature on adherence tools and to comment upon their strengths and limitations. The methods outlined above resulted in a total of 1,346 abstracts, which yielded 21 full and unique articles that met the study's eligibility criteria. All these articles were published in the last 20 years, with more articles becoming available more recently. These articles identified seven different tools relevant to adherence assessment as follows: (1) healthcare providers' interviews of patients about adherence, (2) patient-reported adherence with diaries or calendars, (3) patient-completed adherence scales, (4) a medication event monitoring system (MEMS), (5) an automated voice response system, (6) drug or metabolite assays, and (7) use of prescription databases (Table 2) . Of note, only one tool, the automated voice response system, appeared capable of responding to over-adherence in a real-time manner. Moreover, only 5 of 21 studies specified a focus on patients with metastatic cancer, a setting in which our preliminary data from N0747 raised concerns for over-adherence.
Otherwise, with the exception of prescription database reviews and the MEMS, most of these tools put the burden of reporting on the patient, and no tool appears foolproof in guarding against a patient's forgetting to report or being too embarrassed to report poor adherence.
Discussion
This two-part study provides three important observations on oral chemotherapy adherence in cancer patients. First, despite its small sample size, N0747 raises the concern that patients, particularly those with metastatic cancer, may be more likely to become over-adherent to oral chemotherapy. In N0747, we observed that, in 14 instances, patients checked the single-item patient-reported adherence tool at the end of their chemotherapy cycle to indicate that they "always or almost always" were taking their chemotherapy pills-even in the setting of grade 3 or worse adverse events. Although we cannot know for sure that these patients actually took all their pills, the fact that they suffered severe adverse events suggests they were. These findings, in contrast to the adjuvant breast cancer setting, where adherence rates have sometimes been as low as 16 %, suggest that more research is needed on cancer chemotherapy adherence, particularly in the setting of metastatic disease [23] [24] [25] . Indeed, our systematic review of the literature suggests that this topic of over-adherence in patients with metastatic cancer has not been fully addressed; only five studies specify whether patients had metastatic cancer or not, and only one tool, the automated voice response system, appears capable of detecting and responding to over-adherence in a real-time manner. Future research should perhaps focus on whether patients with metastatic cancer and limited therapeutic options have different incentives, different adherence rates, and, consequently, different needs in terms of monitoring adherence and specifically in terms of monitoring over-adherence.
Second, our systematic review demonstrates that, with only 21 articles gleaned from our review, the published literature-as of now and as defined by our review criteria-is sparse on the topic of oral chemotherapy adherence. Nonetheless, it appears this landscape is changing to coincide with the growing availability of oral cancer chemotherapy agents. All 21 articles in this review were published in just the past 20 years, and the overall pattern of publication seems to suggest a slight crescendo in more recent years. Clearly, more adherence research is needed, and, likely, more will be forthcoming.
Third and importantly, no foolproof method-short of the draconian approach of constantly watching a cancer patient ingest each of his/her pills without vomiting or spitting them out and without taking extra pills-yet exists to ascertain whether or not patients are taking their oral cancer therapy as prescribed. The single-item patient-reported adherence tool tested in N0747 makes it impossible to detect episodic omissions in pill ingestion. Similarly, all the published adherence methods in our systematic review also reveal loopholes and are unable to discern definitively whether patients had forgotten to take some of their medication or whether they might have been too embarrassed to recount omissions. In essence, all the adherence methods used or reviewed rely on the patients' willingness to report candidly their own drug self-administration patterns or their willingness to be carefully monitored. Thus, we cannot be totally assured of the true accuracy of the information that these tools yield.
Finally, this study has limitations, particularly with respect to N0747. Although other studies on adherence sometimes included small sample sizes, it remains important to recognize its limitation here, and to point out that this small sample size enables us to draw only preliminary observations [4-6, 9, 16, 19, 20, 22] . In addition, the fact that this study was slow to accrue suggests that the patients enrolled in this trial might not be representative of a more general group of patients with metastatic cancer. Despite these limitations, the possibility of over-adherence in patients with metastatic disease, as raised in N0747, remains a major source of concern Patients are called at the times of their choice, respond to questions with their telephone touch pad, and an automated phone response system provides information specific to each patients' tailored informational needs relevant to drug adherence Advantages: provides tailored information on adherence; more accessible to patients as a result of wide-spread cell phone use; high patient acceptance; capable of real time detection of over-adherence.
[20]
Disadvantages: more expensive; may not be able to be tailored to address every single patients' needs Drug and drug metabolite assays
Patients submit their urine, blood, or hair for drug level assessment
Advantages: provides objective information [8, 21, 22 ] Disadvantages: expensive; may miss sporadic skipping of medication or timing of medication administration; may not be able to detect small changes in adherence; patients might find it intrusive or painful (blood draw); does not take into account pharmacogenomics differences from patient-to-patient in drug bioavailability or metabolism; not amenable to monitoring all oral agents Databases that capture prescriptions
Either hospital-based pharmacy or other such databases are used to examine drug adherence based on the number of prescriptions filled.
Advantages: little/no effort on the part of the patient; might lessen Hawthorne effect; might be lower cost (depending on infrastructure in place)
[2, 10, 15] Disadvantages: patients may fill prescriptions elsewhere, and therefore good adherence may not be registered; might be a great delay between knowing about adherence and assessing other outcomes, depending on the organization of the data base and an area that merits further investigation. Our systematic review of adherence tools also identified an unmet need to design more tools that are capable of specifically detecting over-adherence and specifically in patients with metastatic cancer.
